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Introduction

36
The spawning performance of cultured Senegalese sole (Solea senegalensis) broodstock (G1 37 generation) was poor compared to wild counterparts. Cultured females released eggs, but no 38 courtship between males and females was observed and the eggs collected were not fertilized [8] .
39
Fatty acids and in particular polyunsaturated fatty acids (PUFAs) including arachidonic acid
40
(ARA) and ARA-derived products affect the reproduction by modulating various aspects of 41 endocrine function [1, 14, 25, 26, 34, 37, 47, 49, 53, 54] . The metabolites of ARA act as 
Blood samples
Lipids and fatty acids 125
Total lipids were extracted from red blood cell samples and diets [11] . Fatty acid methyl esters 126 (FAME) prepared by acid-catalysed transmethylation [9] and FAME were extracted and purified
127
[63]. FAME were separated and quantified by gas-liquid chromatography (Thermo Trace GC,
128
Thermo Finningan, Milan, Italy) using a 30 m x 0.25 mm ID capillary column (BPX 70, SGE 129 Europe Ltd., UK) with on-column injection and flame ionization detection using Helium as 130 carrier gas (1.2 mL min -1 constant flow rate). Individual methyl esters were identified by 131 comparison with known standards (Supelco Inc., Madrid) and a well characterized fish oil, and 132 quantified by the response factor to the internal standard, 21:0. The results were presented as 133 percentage (%) of the total fatty acids (TFA) as mean ± standard error of the mean (SEM).
134
Lipid class composition in blood and diets was determined by high-performance thin layer 
Eicosanoids extraction
148
The samples of frozen acidified plasma were thawed and centrifuged at 12000 x g for 2 min to 149 remove precipitates. The supernatants were extracted using octadecyl silyl (ODS, C18) Sep-Pak 
Separation by HPLC and quantitation of prostaglandins
158
The homologues of PGs 2-and 3-series were separated by reverse phase HPLC using a column 159 ODS2-SB5 and the methodology described previously [5] . 
Results
193
Groups A (control), B, C, D, E and F were fed diets with increasing levels of ARA (Table 2) .
194
Total lipid and CHOL content were the same in all the diets used ( both males and females showed significant differences among all the groups (P<0.05) and these 206 differences were maintained until the end of the experiment (Fig. 1) . Thus, male fish from group 207 F showed 8.7 ± 0.8% ARA in the blood, 3.1-fold higher than the control group A (2.8 ± 0.2%
208
ARA) (P<0.05) whereas the fish from groups E, D and C had 7.3 ± 0.4%, 6.7 ± 0.8% and 5.5 ± 209 0.6% ARA, respectively all being significantly higher than the control (P<0.05). Fish from 210 group B also showed an increase in ARA levels but not significantly different from the control.
211
In the case of females, in December 2009 the fish from groups F (8.6 ± 0.4% ARA, 2.5-fold 212 higher than the control), E (8.4 ± 0.8% ARA) and D (7.4 ± 0.7% ARA) showed a significant 213 (P<0.05) increase in ARA levels compared to the control A. Fish from the groups C and B also 214 exhibited an increase in levels of ARA in blood, but not significantly higher than control A. (Fig. 2) . In December the ratio was significantly reduced in both males and females 229 from groups F, E, D and C and these were maintained until May. In the case of males, groups F
230
(0.8 ± 0.1), E (1.1 ± 0.1), D (1.2 ± 0.2), C (1.7 ± 0.4) and B (2.1 ± 0.2) showed a significantly 231 (P<0.05) lower ratio than the control A (3.5 ± 0.4), similar to observations in females from 232 groups F (1.1 ± 0.1), E (1.2 ± 0.2), D (1.4 ± 0.1), C (1.7 ± 0.4) and B (2.1 ± 0.2). In females, all 233 except B, had significantly lower ratios than group A (3.5 ± 0.1), that showed an increase in the 234 ratio in both sexes (Fig. 2) . In March fish from groups A and B exhibited an increase in the ratio 235 whereas those from F, E, D, and C continued with decreasing values. In May all the groups,
236
including B and in both sexes showed lower EPA/ARA ratio than the control A (P<0.05). 
250
The fatty acid 22:4n-6 levels were significantly higher (P<0.05) in the blood of the males and 251 females from groups F, E, D and C compared to group A and the initial September level.
252
Similarly the fatty acid 22:5n-6 was higher in the blood of fish from group F compared to the 253 control A (P<0.05), in both males and females due to elongation and desaturation of ARA to 0.8%, and no significant differences among diets were found (Table 3) . concentration and between sexes. In the case of PGs 2-series, the levels found in the plasma of 277 males and females did not change with the diet, although PGs F2-isomers were always found in 278 higher concentration than PG E2-isomers in both sexes. 
Plasma steroids levels
280
The sex hormone, 11-ketotestosterone (11-KT) was the most concentrated steroid in males with 281 plasma levels varying between 2.2 and 16.4 ng ml -1 , compared to testosterone (T) with 0.8-2.2 282 ng ml -1 (Fig. 6 ). groups, although in group B a slight but not significant increment was observed (Fig. 7a ).
288
Circulating 11-KT, T, and E2, followed a seasonal trend (Figs. 6 and 7). In males, an increase in 289 the titre of steroid levels was detected between January and February with plasma concentrations 290 of both androgens increasing progressively to a significantly (P<0.05) higher peak found in PUFAs (n-3 and n-6) have been detected in the spermatozoa of mammals [7, 13, 29, 30, 60] and 308 in the gonads of male marine fish (i.e., wild Senegalese sole) being these fatty acids, 22:4n-6 and 309 22:5n-6 closely related to the sperm membrane fluidity needed to participate in the membrane 310 fusion events associated with fertilization [30] . The diets used in the experiment were formulated 311 using high quality northern fish oil (G. Rosenlund, pers. Comm. 2011, Skretting, Norway) with 312 similar levels of EPA (approx., 15% TFA) and DHA (approx., 13% TFA) (see Table 2 ) with the variations in ARA as a consequence of the addition of a special ARA-rich oil. although the ratio was progressively reduced from diet A (24) to diet F (2.4). Consequently, an 330 increase in dietary ARA produced a significant reduction of 3-series PGs, although the effects on 331 fish reproduction (i.e., ovulation, spermiation or courtship behaviour) were not established.
332
Further studies are required to clarify the effects of EPA content in the diet and COX pathway, 333 since the optimal dietary ARA content will be strongly dependent on the EPA content.
334
Steroid production (11-KT and T) in males was higher in fish fed increasing ARA levels 335 especially in April at the peak of maturation, whereas E2 in females did not show any change.
336
ARA and CHOL levels in blood also showed a significant increase in an ARA-dose dependent 337 manner. In vitro studies with goldfish and trout have shown that an ARA-stimulated testosterone 338 production via the COX pathway and the effect of the ARA was mediated through its conversion 339 to PGs [39, 65, 66, 68] . According to these studies, EPA exerted an opposite effect inhibiting 340 testosterone production via the inhibition of cAMP production, with ARA-induced maturation 341 depressed. Thus, an increase in the production of EPA-derived PGE3 had no effect on fish P<0.05, N=10) . ARA content, diet A= 0.7, B= 1.6, C= 2.3, D= 3.2, E= 5.0 and F= 6 .0% TFA. (ANOVA, P<0.05, N=10) . ARA content, diet A= 0.7, 604 B= 1.6, C= 2.3, D= 3.2, E= 5.0 and F= 6 .0% TFA. (A, B, C, D, E and F) Fatty acid composition (%TFA) 14:0 2.5 ± 1.2 3.6 ± 2.8 3.8 ± 2.1 3.6 ± 2.3 3.7 ± 2.8 4.0 ± 2.9
606
Fig. 4 Concentration of plasma prostaglandins a) E-isomers, PGE2 and PGE3 and b) F-
16:0 14.9 ± 1.1 15.3 ± 3.7 17.6 ± 2.6 15.8 ± 1.8 15.0 ± 2.8 16.1 ± 2.7 18:0 1.8 ± 0.9 2.4 ± 0.9 2.6 ± 0.7 2.6 ± 0.6 3.0 ± 0.7 3.2 ± 0.4
Total SFA 19.4 ± 1.5 21.7 ± 5.7 24.4 ± 4.2 22.3 ± 3.6 21.9 ± 4.8 23.4 ± 5.2 16:1n-7 4.9 ± 0.8 4.8 ± 2.0 5.0 ± 0.8 4.9 ± 0.8 4.3 ± 1.8 4.4 ± 1.2 18:1n-9 15.0 ± 1.3 15.7 ± 2.4 16.9 ± 1.9 15.9 ± 2.0 15.1 ± 2.7 15.7 ± 0.6
18:1n-7 1.2 ± 2.0 0.9 ± 1.6 1.0 ± 1.7 0.8 ± 1.4 0.8 ± 1.4 1.0 ± 1.7 20:1n-9 7.2 ± 1.5 7.1 ± 0.3 7.2 ± 1.1 6.3 ± 0.5 6.9 ± 0.7 6.6 ± 0.4
22:1n-9 3.5 ± 6.0 3.9 ± 6.7 2.9 ± 5.0 3.0 ± 5.2 3.9 ± 6.7 2.9 ± 5.1
Total MUFA 32.3 ± 10.5 32.7 ± 4.7 33.4 ± 4.4 31.3 ± 4.9 31.4 ± 5.5 31.1 ± 6.0
18:2n-6 5.9 ± 0.7 6.4 ± 0.7 6.0 ± 0.9 6.6 ± 0.4 5.9 ± 0. 22:5n-3, DPA 1.6 ± 0.4 3.0 ± 2.3 2.0 ± 1.0 2.3 ± 1.3 4.6 ± 5.7 2.0 ± 0.9 22:6n-3, DHA 14.4 ± 2.0 13.0 ± 2.1 11.3 ± 2.5 13.0 ± 1.6 11.1 ± 0.6 11.3 ± 2.3
Total n-3 PUFA 39.0 ± 11.0 37.1 ± 0.7 33.4 ± 2.9 35.8 ± 2.1 34.3 ± 1.9 31.5 ± 1.4
Total PUFA 48.3 ± 11. Total PL 14.3 ± 0.1 15.4 ± 0.2 14.9 ± 0.1 14.3 ± 0.3 15.4 ± 0.3 14.8 ± 0.6 CHOL 11.9 ± 0.8 12.3 ± 0.9 12.5 ± 0.8 11.1 ± 0.7 13.3 ± 0.6 11.2 ± 0.1 FFA 2.9 ± 0.4 3.8 ± 0.5 3.3 ± 0.6 3.6 ± 0.3 4.3 ± 0.5 4.0 ± 0.1 TAG 61.5 ± 0.3 60.2 ± 0.4 60.8 ± 0.5 62 ± 0.7 59 ± 0.6 60 ± 0.2 SE+W 10.4 ± 0.6 9.32 ± 0.6 9.9 ± 0.6 9.2 ± 0.9 9.8 ± 0.4 9.5 ± 0. 
